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DUAL GAUGE LEADFRAME 

BACKGROUND OF THE INVENTION 
[0001] The present invention relates to integrated 
circuits and packaged integrated circuits and, more 
particularly, to a leadframe for packaged integrated 
circuits . 

[0002] An integrated circuit (IC) die is a small 
device formed on a semiconductor wafer, such as a silicon 
wafer. A leadframe is a metal frame that usually 
includes a paddle that supports an IC die that has been 
cut from the wafer. The leadframe has lead fingers that 
provide external electrical connections. That is, the 
die is attached to the die paddle and then bonding pads 
of the die are connected to the lead fingers via wire 
bonding to provide the external electrical connections. 
Encapsulating the die and wire bonds with a protective 
material forms a package. Depending on the package type, 
the external electrical connections may be used as-is, 
such as in a Thin Small Outline Package (TSOP) , or 
further processed, such as by attaching spherical solder 
balls for a Ball Grid Array (BGA) . These terminal points 
allow the die to be electrically connected with other 
circuits, such as on a printed circuit board. 
[0003] The lead frame is usually formed of copper or 
nickel alloy. One way of attaching the die to the die 
paddle is by soldering. High power devices require 
extremely high temperature solder die attach (about 3 00°C) 
and device reflow (about 2 60°C) . However, at high 
temperatures, the leadframe plating is degraded, which 
affects the wirebonding process. More particularly, the 
bondability of gold wire is affected due to the 
metallurgy change of the plating surface and by solder 
flux contamination. Further, a thick die paddle is 
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preferred for high power devices to facilitate heat 
dissipation. However, singulation (saw or punch) of a 
leadframe formed of very thick metal is difficult and not 
reliable . 

[0004] It would be desirable to provide a lead frame 
that provides good heat dissipation yet is not difficult 
to singulate. It further would be desirable to be able 
to attach a die to a die paddle with a high temperature 
process that does not cause defects. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0005] The following detailed description of a 
preferred embodiment of the invention, will be better 
understood when read in conjunction with the appended 
drawings. For the purpose of illustrating the invention, 
there is shown in the drawings an embodiment that is 
presently preferred. It should be understood, however, 
that the invention is not limited to the precise 
arrangement and instrumentalities shown. In the 
drawings : 

[0006] FIG. 1 is an enlarged cross-sectional view of a 
packaged semiconductor device in accordance with an 
embodiment of the present invention; 

[0007] FIG. 2 is a top plan view of a first leadframe 
panel in accordance with an embodiment of the present 
invention; 

[0008] FIG. 3 is a top plan view of a second leadframe 
panel in accordance with an embodiment of the present 
invention; 

[0009] FIGS. 4A-4G are side cross-sectional views 
illustrating a process of forming a dual-gauge leadframe 
semiconductor device in accordance with an embodiment of 
the invention; and 
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[0010] FIG. 5 is an enlarged perspective view of a 
packaged semiconductor device in accordance with an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0011] The detailed description set forth below in 
connection with the appended drawings is intended as a 
description of the presently preferred embodiment of the 
invention, and is not intended to represent the only form 
in which the present invention may be practiced. It is 
to be understood that the same or equivalent functions 
may be accomplished by different embodiments that are 
intended to be encompassed within the spirit and scope of 
the invention. As will be understood by those of skill 
in the art, the present invention can be applied to 
various packages and package types . 

[0012] Certain features in the drawings have been 
enlarged for ease of illustration and the drawings and 
the elements thereof are not necessarily in proper 
proportion. Further, the invention is shown embodied in 
a Quad Flat No-lead (QFN) type package. However, those 
of ordinary skill in the art will readily understand the 
details of the invention and that the invention is 
applicable to other package types. In the drawings, like 
numerals are used to indicate like elements throughout. 

[0013] The present invention is a leadframe for a 
semiconductor device. The leadframe includes a first 
leadframe portion and a second leadframe portion. The 
first leadframe portion has a perimeter that defines a 
cavity and a plurality of leads extending inwardly from 
the perimeter. The second leadframe portion is attached 
to the first leadframe portion and has a die paddle sized 
to be received within the cavity of the first leadframe 
portion. The second leadframe portion has a thickness 
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that is about twice a thickness of the first leadframe 
portion. Preferably, the first and second leadframe 
portions are formed of copper and electrically isolated 
from each other. By providing separate leadframe 
portions for the die paddle and the lead fingers, the die 
attach process can be performed before the first and 
second leadframe portions are put together and thus the 
lead fingers are not affected by the high temperatures 
of the die attach and reflow processes. Further, 
providing the die paddle separate from the lead fingers 
allows these two portions to have different thicknesses. 
Thus, the die paddle may be thick to allow for good heat 
dissipation while the lead fingers are thinner so that 
singulation is easily performed. 

[0014] The present invention further provides a 

semiconductor device having first and second metal 
leadframe portions, an integrated circuit die, wires and 
an encapsulant. The first leadframe portion has a 
plurality of leads that surround a cavity. The second 
leadframe portion is attached to the first leadframe 
portion and electrically isolated therefrom. The second 
leadframe portion has a die paddle received within the 
cavity of the first leadframe portion. The second 
leadframe portion has a thickness that is greater than a 
thickness of the first leadframe portion. The integrated 
circuit die is attached to the die paddle located within 
the cavity and surrounded by the plurality of leads. The 
die includes a plurality of die pads that are 
electrically connected to corresponding ones of the leads 
with the wires. The encapsulant covers a top surface of 
the integrated circuit die, the wires, and a top surface 
of the leads and at least a bottom surface of the leads 
and the second leadframe are exposed. The die paddle 
being relatively thick and having an exposed surface 



4 



SC12921HP 



allows it to act as a heat sink for the die. The lead 
fingers being relatively thin allows for easy 
singulation. 

[0015] The present invention further comprises a 
method of packaging a plurality of semiconductor device 
simultaneously including the steps of: 

[0016] providing a first leadframe panel, the first 
leadframe panel having a plurality of first leadframe 
portions, each having a perimeter that defines a cavity 
and a plurality of leads extending inwardly from the 
perimeter, wherein the first leadframe panel has first 
and second sides and a first thickness; 

[0017] forming a first mating structure along an outer 

perimeter of the first leadframe panel; 
[0018] applying an adhesive to a first side of the 

first leadframe panel; 

[0019] providing a second leadframe panel, the second 
leadframe panel including a plurality of second leadframe 
portions, each including a die paddle having first and 
second surfaces and a second thickness; 
[0020] forming a second mating structure along an 

outer perimeter of the second leadframe panel; 
[0021] attaching a plurality of semiconductor die to 

respective ones of the second surfaces of the die 
paddles, wherein each of the semiconductor die has a 
plurality of bonding pads on a surface thereof; 
[0022] stacking the second leadframe panel on the 

first leadframe panel such that the first surfaces of the 
die paddles are received within respective ones of the 
cavities and contact the adhesive, and the first and 
second mating structures mate with each other; 
[0023] electrically connecting the plurality of die 
bonding pads of the die with respective ones of the 
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plurality of leads of respective ones of the second 
leadframe portions with a plurality of wires; 
[0024] forming a mold compound over the second surface 
of the second leadframe panel, the die and the electrical 
connections; and 

[0025] performing a singulation operation that 
separates the plurality of first and second leadframe 
portions from the leadframe panels, thereby forming 
individual packaged devices . 

[0026] Referring now to FIG. 1, an enlarged cross- 
sectional view of an embodiment of a semiconductor device 

10 in accordance with the present invention is shown. 
The semiconductor device 10 includes a first leadframe 
portion 12 that has a plurality of leads 14 that surround 
a cavity 16. The first leadframe portion 12 is 
preferably formed of a metal or metal alloy and has a 
first predetermined thickness. A second leadframe 
portion 18 is attached to the first leadframe portion 12. 
The second leadframe portion 18 comprises a die paddle 2 0 
that is received within the cavity 16 of the first 
leadframe portion. The cavity 16 is sized and shaped in 
accordance with a size and shape of the IC die being 
packaged. Thus, although the cavity 16 is generally 
rectangular or square shaped, it could have other shapes 
depending on the shape of the integrated circuit die. 
The second leadframe portion 18 preferably has a second 
thickness that is different from the first thickness. 
For example, for power circuits that generate a lot of 
heat, the second leadframe portion 18 can be used as a 
heat sink. In such a case, it is preferred that the 
second thickness is greater than the first thickness. In 
a more preferred embodiment, the first thickness is about 
or less than half of the second thickness. In one 
example, a leadframe was fabricated in which the first 
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portion had a first thickness of about 8 mils and the 
second thickness was about 20 mils. These sizes allowed 
the first leadframe portion to be easily singulated and 
at the same time, the second leadframe portion provided 
good heat dissipation. The first thickness is also 
preferably less than about half of the second thickness 
in order to maintain electrical isolation between the 
first and second leadframe portions 12 and 18. 
[0027] The first and second leadframe portions 12 and 

18 preferably are formed of a metal or metal alloy, such 
as copper and may be plated. In one embodiment, the 
second leadframe portion 18 comprises a 20 mils thick 
copper slug. The leadframe portions 12 and 18 may be 
formed by pressing, stamping or etching, as are known by 
those of skill in the art. The second leadframe portion 
18 is attached to the first leadframe portion 12 with an 
adhesive, such as an adhesive tape, as discussed in more 
detail below, and although attached, they are preferably 
electrically isolated from each other. Such electrical 
isolation is an important feature of the present 
invention, especially for multi-die assemblies. 
[0028] An integrated circuit die 22 is attached to the 

die paddle 20, and as the die paddle is located within 
the cavity, the die 22 is surrounded by the plurality of 
leads 14. The integrated circuit die 22 may be of a type 
known to those of skill in the art, such as a circuit 
formed on and cut from a silicon wafer. As previously 
discussed, the cavity 16 is sized and shaped to receive 
the die 22. Typical die sizes may range from 4mm x 4mm 
to 12mm x 12mm. The die 22 may have a thickness ranging 
from about 6 mils to about 21 mils. The die 22 is 
attached to the die paddle 2 0 in a known manner, such as 
by a solder die attach process, which allows heat to 
dissipate from the die 22 to the die paddle 2 0 by way of 
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die paddle 50. The second leadframe panel 46 is sized 
and shaped to mate with the first leadframe panel 32 such 
that the die paddles 50 are received within the cavities 
3 6 and are spaced from the leads 38. However, as 
discussed with reference to FIG. 1, the die paddles 50 
are sized to receive a particular semiconductor die, such 
as the die 22 . 

[0034] The first and second leadframe panels 32 and 46 

are preferably formed from a sheet of conductive metal, 
metal alloy or plated metal having a good thermal 
conductivity, such as copper or plated copper. Although 
it is preferred that the first and second leadframe 
panels 32 and 46 are formed of the same material, this is 
not required. The leadframe panels 32 and 4 6 may be 
formed by a stamping method, however, for more complex 
and higher density leadframes, a chemical etching method 
is preferred. As is understood by those of skill in the 
art, the etching method uses an artwork mask to define 
the detailed pattern of the leadframe and then the 
unmasked portion of the metal is etched away. A plating 
mask is used to mask out no-plating zones, if any, and 
then the unmasked portions are plated with metal layers 
with a plating process. Rinsing and cleaning steps are 
performed between processes. Such masking, etching, 
plating, rinsing and cleaning processes are well known to 
those of skill in the art. 

[0035] The second leadframe panel 46 also has a 
predefined second thickness. In the embodiments 
discussed below, the die paddles 50 are used not only to 
support a die, but also as a heat sink. Thus, for these 
embodiments, it is preferred that the second leadframe 
panel be formed relatively thick. For example, the 
second predefined thickness should be greater than the 
first predefined thickness and is preferably two times or 
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more the thickness of the first leadframe panel 32. In 
one embodiment, the second leadframe panel has a 
thickness of about 20 mils. The die paddles 50 may be 
interconnected with tie bars 52. Outer tie bars 54, 
which are those extending from the outer perimeter of the 
panel 46 may have a narrow portion following a taper from 
a wider portion, but this is not required. 
[0036] The second leadframe panel 46 also preferably 
includes a second mating structure 56 formed along an 
outer perimeter thereof that mates with the first mating 
structure 42 of the first leadframe panel 32. In the 
presently preferred embodiment, the second mating 
structure 56 comprises a series of ridges or dams that 
have been formed in the panel 46 by chemical etching. 
The second leadframe panel 46 also may include a 
plurality of marks or holes 58 that can be aligned with 
the holes 44 in the first leadframe panel 32. Such marks 
or holes 58 may be etched, punched or cut in the panel 
46. 

[0037] When the first and second leadframe panels 32 

and 46 are stacked, that is, when the first leadframe 
panel 32 is stacked on the second leadframe panel 46, the 
dams 56 fit within the moats 42 and the die paddles 50 
are received within respective ones of the cavities 36. 
The purpose of the first and second mating structures 42 
and 56 is to prevent resin or mold compound bleeding 
during a molding or encapsulation process, described in 
more detail below . 

[0038] Referring now to FIGS. 4A-4F, cross-sectional 

views of various stages of formation of a semiconductor 
devices are shown for explaining a process of forming a 
dual-gauge leadframe semiconductor device in accordance 
with an embodiment of the invention. FIG. 4 shows a 
first leadframe panel 60 having a plurality of first 



11 



SC12921HP 



leadframe portions 62 (in this example, two are shown). 
Each of the first leadframe portions 62 has a perimeter 
that defines a cavity 64 and a plurality of leads 66 
extending inwardly from the perimeter. The first 
leadframe panel 60 has first and second sides 68 and 70 
and a predefined first thickness. As previously 
discussed, the first leadframe panel 70 preferably has a 
thickness of about 8 mils. The first leadframe panel 60 
further includes a first mating structure along an outer 
perimeter thereof. In the presently preferred 
embodiment, the first mating structure is a moat 72 
formed around the perimeter of the first leadframe panel 
60. The moat 70 may be formed by cutting, stamping or 
etching. The moat 7 0 in the drawings is shown having 
tapered sides. However, the sides could be vertical. 
[0039] FIG. 4B shows an adhesive 74 being applied to 

the first side 68 of the first leadframe panel 60 . The 
adhesive 74 preferably comprises an adhesive tape, such 
as masking tape. The adhesive 74 is used to attach a 
second leadframe panel to the first leadframe panel 60 . 
At the same time, when the adhesive 74 comprises masking 
tape, the tape aids in controlling resin bleeding. 
[0040] FIG. 4C shows a second leadframe panel 76. The 

second leadframe panel 7 6 includes a plurality of second 
leadframe portions 7 8 (in this case, two are shown, the 
same as with the first leadframe panel 60) . Each of the 
second leadframe portions 78 includes a die paddle 80 
having first and second surfaces 82 and 84, and a second 
predefined thickness. The second thickness preferably is 
greater than the first thickness and in one embodiment 
the second predefined thickness is about 20 mils. A 
second mating structure is formed along an outer 
perimeter of the second leadframe panel 76. The second 
mating structure is designed to mate with the first 
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66 of respective ones of the first leadframe portions 62 
with a plurality of wires 90. The wires 90 may be 
connected to the leads 66 and the die pads with a 
wirebonding process, as shown in FIG. 4F. After 
wirebonding, a mold compound or encapsulant 92 is formed 
over the second surface of the second leadframe panel 76, 
the die 8 8 and the wires 90, as shown in FIG. 4G. The 
moat 72 and dam 86 of the first and second mating 
structures prevent resin bleeding during the molding 
process . 

[0044] Individual packaged devices are then formed by 

performing a singulation operation that separates the 
plurality of first and second leadframe portions 62 and 
78 from the leadframe panels 60 and 76. For example, the 
panels 6 0 and 7 6 may be sawn along dashed lines A-A, B-B 
and C-C to form the individual devices. The adhesive or 
masking tape 74 may be removed from the first side 68 of 
the first leadframe panel 60 and from the first surface 
82 of the second leadframe panel 7 6 either before or 
after singulation so that the leads 66 and the first 
surfaces 82 of the second leadframe portions 78 are 
exposed . 

[0045] Referring now to FIG. 5, a dual-gauge leadframe 

packaged device 100 that has two die 102 and 104 in 
accordance with an embodiment of the present invention is 
shown. The two die 102 and 104 are attached to 
relatively thick die paddles 106 of a first leadframe 
portion 108 while the leads 110 of the device 100 are 
thinner than the die paddles 106 and the first leadframe 
portion. The thick die paddles 10 6 can function as heat 
spreaders, dissipating the heat generated by the die 102 
and 104. Preferably, the die paddles 106 are isolated 
from the leads 110. As can be seen, the leads 110 may be 
various lengths (and widths) , as desired. The leads 110 
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are connected to pads 112 on the die 102 and 104 with 
wires 114. The wires 114 may be connected to the pads 
112 and the leads 114 via a conventional wirebonding 
process. An encapsulant 116 is formed over the die 102 
and 104, a top surface of the first leadframe 108, the 
wires 114 and the leads 110. Bottom surfaces (not shown) 
of the leads 110 are exposed to allow the device 100 to 
be connected with other devices or a PCB . The die 
paddles (heat spreaders) 106 are exposed on a bottom 
surface too in order to allow for good heat dissipation. 
The dual-gauge leadframe, multi-die packaged device 
allows for higher I/O density, yet provides good 
electrical performance . 

[0046] The dual gauge lead frame design of the present 

invention provides a thick paddle and thinner I/O 
terminals. Providing thinner terminals allows for finer 
pitch and better dimension control. For sawn type QFN 
packages, the amount and thickness of copper or metal 
lead frame material affects the quality of the saw 
singulation process. Thick copper or metal material is 
used only where functionally necessary, while thinner 
metal is used for non-critical areas, such as lead frame 
fingers, which greatly reduces the amount of metal 
cutting. Further, in a solder die attach process, having 
separate paddle and lead fingers prior to wirebonding 
allows the lead fingers to be kept clean and free of 
contamination from the solder process, leading to more 
reliable wire bonding. 

[0047] The description of the preferred embodiments of 
the present invention have been presented for purposes of 
illustration and description, but are not intended to be 
exhaustive or to limit the invention to the forms 
disclosed. It will be appreciated by those skilled in 
the art that changes could be made to the embodiments 
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described above without departing from the broad 
inventive concept thereof. For example, a leadframe 
having more than two parts could be formed, such as 
having a die paddle formed of two or more component 
parts. It is understood, therefore, that this invention 
is not limited to the particular embodiments disclosed, 
but covers modifications within the spirit and scope of 
the present invention as defined by the appended claims. 
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